The potential benefits of nanotechnology have been recognized by many industrial sectors, and nanotechnology products are increasingly appearing in the world as consumer products. It has also wide application in the field of food: nano-sensors, smart packaging, nanoencapsulation and delivery of food compounds. Nanotechnology can be applied to the formulation of novel materials at nanoscale, as well as the development of new techniques for research to provide innovative systems. Nanotechnology is expected to open new opportunities in the field of science and technology.
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In the conference, the following 4 topics will be presented. Nakajima will present "Micro/Nano-Engineering for Formulation of Functional Foods". Health benefits related to functional lipids have been studied; however, most bioactives are water-insoluble, leading to low bioavailability and limiting food applications. The properties of bioactive foods can be controlled by their micro/nano-scale structure. Conventional preparations for bioactive foods are generally formulated by applying large-scale processing. Therefore, it is difficult to precisely control the structure of the products. Recently micro/nano engineering has been under development, as applied to bioactive foods. Emulsification is one of the important processes for food and other industries. Conventional emulsification equipment, such as the highpressure homogenizer, is used to produce emulsions. However, such obtained emulsions are polydispersed with a droplet diameter of 100 nm-100 mm. A new method for producing monodispersed emulsions using precisely-microfabricated microchannel (MC) arrays was proposed by Nakajima's group (1) . MC emulsification is capable of producing monodispersed emulsions, which have been used to formulate the monodispersed microparticles and double emulsions. A nanochannel (NC) emulsification device has been also developed, in order to produce monodispersed sub-micron emulsions. Besides these micro/nano processing techniques, formulation and characterization of oil in water micro/nano emulsions or particles loaded with bioactives were studied, evaluating the physiochemical properties (2). In the presentation, the development of MC/NC emulsification, formulation and characterization of food nanoparticles and nanotechnology-based food will be discussed.
Chaudhry will present "Applications and Implications of Nanotechnology for Food and Nutrition". The new developments in nanoscale sciences and technologies are promising to bring much innovation to the food sectors, and projected to revolutionize the food chain. Use of nano-sized ingredients in food products has raised concerns in regard to safety. Due to nanoscale dimensions and distinctive properties, the use of nanomaterials in food and health-food products poses a number of challenges, e.g. detection in food products, assessment of safety, and consumer acceptance. Chaudhry will discuss the known and projected applications of nanotechnology for food and related sectors, and will highlight the main challenges in regard to safety implications of the applications (3).
Park will present "Nano Delivery in Food Systems". Nutraceuticals can prevent various diseases and enhance physiological performance; however, there are some limitations due to their poor solubility and low bioavailability. It is necessary to find optimum formulations to improve bioavailability. Potential nano-delivery systems--nanostructured lipid carriers (NLCs), nanoemulsions (NEs), and nanoliposomes (NLs)-will be provided. Chitosan-coated NLCs (CH-NLCs) were developed for iron fortification. Capsaicin NEs and chitosan-coated curcumin nanoliposomes (CS-Cur-NLs) were also formulated and characterized. CH-NLCs were found to have great potential for use in the iron fortification of
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Juneja Lekh Raj will present "Nanotechnology-Applications & Future Directions". Nanoscience enables the commercial development of engineered nanomaterials by enhancing the performance of consumer products. Nutritional/cosmetic ingredients may be encapsulated in nano-emulsions and dispersions to enhance functionality of antioxidants, to increase the acceptability of the foodstuff, to stabilize labile or volatile actives, and to increase bioavailability. Examples of diverse active functional ingredients and manufactured additives that have been formulated and characterized include nano-capsules of minerals Fe, Ca, Mg, and Zn, vitamins, preservatives, enzymes, and active ingredients. A micronized super dispersed ferric pyrophosphate liquid formulation produced no precipitation, and no disagreeable flavor of iron. Hemoglobin regeneration efficiency values were higher compared to those of other iron compounds.
Besides the above presentations, the bioavailability of the micronutrients is reviewed (5), which is a very important factor for nutrition scientists. Nanotechnology may offer better delivery systems, which will be reviewed briefly. Nanoparticle-based foods are made from surfactants, lipids, protein and carbohydrates. Functional lipophilic and hydrophilic bioactives are encapsulated. Different formulation methods are used to control the properties and stability. The behavior and functionality of nanoparticles in foods and the human body are now starting to be designed.
Bioactives' stability and bioavailability: Delivery systems may be needed because many important bioactives are physically, chemically, or biologically unstable when incorporated into food products and are lost during food processing and storage. Most bioactives have a relatively low bioavailability after being ingested. A successful delivery system must stabilize the bioactives within a food, but release it after the food has been ingested. Structure and interfacial characteristics: A nanoparticle-based delivery system should be less than 100 nm (6) . However, in practice, the upper particle diameter limit has often been increased up to 500 nm. Different colloidal delivery systems have different particle dimensions. The particle size is important because it affects the optical clarity, physicochemical stability, encapsulation and release characteristics (7). Acosta (2009) reported that a lower particle size than 500 nm leads to higher bioavailability; however, particles larger than 500 nm do not affect their bioavailability (8) .
The interfacial properties of nanoparticles are important to determine their interactions with other materials, such as mineral ions, polymers, particles, or surfaces. The surfaces of food-grade nanoparticles vary in their polarity, charge, and thickness, affecting hydrophobic, electrostatic, and steric interactions. Nanoparticles with polar surfaces are dispersible in water, whereas those with non-polar surfaces tend to aggregate. Nanoparticles become positive, negative, or neutral depending on their composition and environment, having an effect on their functionality. The electrical characteristics of nanoparticles can be characterized by -potential. A charged particle tends to be repelled by similarly charged substances, but attracted to oppositely charge ones. Particle surface can be functionalized by coating it with small molecules, polymers or biomolecules which help to control the stability and solubility. The coating of particles with hydrophobic proteins such as gliadin and zein increases the residence time in the gastrointestinal tract resulting from adhesive capability, leading to increased bioavailability (9) . The surface functionalization strategy has proven to be important, but there have been few studies on the development of food-grade delivery systems because of regulatory issues and costs.
Bioactives' protection and release: Bioactives are susceptible to degradation during storage, and therefore it is important to develop nanoparticle-based delivery systems that inhibit these undesirable transformations. Some bioactives are highly susceptible to lipid oxidation. Nanoparticle delivery systems should be developed to inhibit oxidation. Nutrients typically need to be retained within the nanoparticles in a food product, but released at a targeted point. Edible nanoparticles can be fabricated from different bioactives so as to control the release of encapsulated bioactives. Digestible proteins can be used to fabricate nanoparticles that mainly dissociate in the stomach due to protease activity. Digestible lipids can be used to fabricate nanoparticles that mainly dissociate in the small intestine due to lipase activity. Dietary fibers can be used to fabricate nanoparticles that will remain intact until they reach the colon.
Nanoparticle-based delivery systems: In order to develop effective nanoparticle-based delivery systems, designing and formulating bioactive capsules based on their hydrophilicity of hydrophobicity is needed. Surfactants are the primary building blocks for nanoparticles, micelles, microemulsions, and liposomes. Micelles and microemulsions are thermodynamically stable systems, which are usually composed of surfactants. Lipophilic bioactives can be encapsulated within hydrophobic micelles and microemulsions. They are suitable for encapsulating lipophilic bioactives in clear foods and beverages. However, much surfactant is required, limiting the application in some products. Lipophilic bioactives have been successfully encapsulated in microemulsions. For example, microemulsions have also been reported to increase the bioavailability of diacylglycerol oils (10) .
Lipid-based nanoparticles, nano-emulsions, multiple emulsions, and solid lipid nanoparticles: Nanoemulsions are thermodynamically unstable dispersions. Nano-emulsions can be based on a scale lower than 100 nm. They can be typically formulated by high-pressure emulsification devices. The stability of bioactive compounds dissolved in the lipid core of nano-emulsions can sometimes be improved by coating them with one or more layers of biopolymers using an electrostatic deposition method (11) . Lipophilic bioactives, such as resveratrol, quercetin and oil-soluble vitamins, have been encapsulated to increase their bioavailability (12) . The bioaccessibility of b-carotene has been reported to increase with the size of the droplets (13) .
Multiple emulsions can be useful to encapsulate hydrophilic bioactive compounds in the W/O primary emulsion. Anthocyanins were recently encapsulated in W/O/W emulsions with an encapsulation efficiency higher than 80% (14) .
Solid lipid nanoparticles are usually formulated by O/W nano-emulsions at a higher temperature than the melting point of the lipid, and then cooled to crystallization. Solid lipid nanoparticles can enhance the stability of protected encapsulated lipophilic bioactives. Guri et al. (2013) reported that SLNs increased the retention time and stability of encapsulated curcumin in the mucus layer of Caco-2 cells (15) .
Biopolymer-based nanoparticle systems are formulated with proteins and polysaccharides. These include polyelectrolyte complexes, polymer nanoparticles, and hydrogel particles. Lipophilic bioactives are dispersed into biopolymer particles or dissolved into lipid droplets dispersed into biopolymer particles. Hydrophilic bioactives are loaded into the biopolymer phase. Hydrogel particles can be formed using emulsification and gelation. Hydrophobic proteins of gliadin and zein are suitable for encapsulation of hydrophobic bioactives. Hydrophilic proteins are suitable for entrapment of hydrophilic ones. Electrostatic complexation can be used to formulate biopolymer particles. Depending on the biopolymers used, either negatively or positively charged biopolymer particles can be formed (16) . The advantage of a biopolymer based-system is that the materials are from natural resources using preparation methods. Biopolymer-based particles have been used to protect and increase the bioavailability of vitamin D (17) . Curcumin and quercetin have been encapsulated in zein nanoparticles (18) .
For actual food products, industrial nanotechnology-based food and supplements have been listed in the "Consumer Products Inventory". http://www.nanotechproject.org/cpi/. Among 1814 products, 7 for food, and 69 for supplements, such as nano-silver and nanosized coenzyme Q10 in a b-cyclodextrin matrix, have been reported. A nanotechnology-claimed consumer products inventory in Japan is summarized by AIST, Japan (http://www.aist-riss.jp/db/nano/). For food and beverages, 33 items and 48 products are also listed.
Conclusions
Food grade nanoparticles, encapsulation of bioactives and an increase in bioavailability have been the focus of investigation; however, instances of actual incorporation by industrial processing are quite limited because of their stability and safety. Future work should be directed to study the effect of the incorporation of tailor-made nanoparticles in food products on human health.
